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(57) Abstract 



voIves^hTuse of m™, ? * Urb,d,met " c ^ f ° F a " Which is 3 member of an ^uno-reaction system in- 

ferior JZZ hf, ma S ne,,caI| y attractable panicles wh.ch carry a first species reactive with a member of the mmuno- 
fvc ^TSLSS rf'S/IS.r ag8lUtmatable b > »he analyte; and second partic.es which carry a second species reac- 
panide ? to form » 77 uno ^ act «° n s V«em. The sample is incubated with the first panicles and the second 
Eon t£ I i \ T a S« lutmated Product containing the first particles to an extent related to the analyte concentra- 

S5dT!^^ n ^^ ■ re - broU8ht - dOWn by mC3nS ° f 3 maEnMic ne,d - and the oP««' <»«*y of tL sup^rfatent 
h™ !? , ■ anal V te " an antigen or hapten, the first panicles preferably carry a monoclonal antibodv and 
the second pan.cles may carry a different monoclonal or a polyclonal antibody. monoclonal ant.body, and 
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TURBIDIMETRIC ASSAY 

This invention is concerned with agglutination 
5 assays. Such assays are widely used to detect, or 
determine the concentration of, an analyte in a 
biological fluid. At least one of the assay reagents 
is used in a form attached to fine solid particles 
suspended in the liquid assay medium, which particles 

10 are caused to agglutinate to an extent dependent upon 
the concentration of the analyte in the sample. The 
extent of this agglutination can be measured by two 
main" techniques. One involves use of a particle 
counting device such as that sold by us under the Trade 

15 Mark IMPACT, which is adapted to count only particles 
in a specific size range. This technique has the 
advantage of high sensitivity and accuracy, and is 
being commercially used on an increasing scale. 

The other main technique for determining the extent 

20 of agglutination is a turbidime tr ic technique which 
involves measuring the optical density of the assay 
mixture. This technique has the advantages of being 
cheap and quick, and can be performed on the reaction 
mixture in the assay vessel. Its major disadvantage is 

25 lack- of sensitivity. It will be appreciated that both 
the monomeric latex particles and the agglutinated 
particles increase the optical density of the reaction 
mixture, albeit to somewhat different extents. 
Measuring optical density in order to determine 

30 agglutination involves measuring this difference which 
is generally rather slight. That is why the standard 
method is not very sensitive. 

The present invention arises from the idea that, if 
the agglutinated particles could be removed from the 

35 reaction mixture, the optical, density of the remaining 
reaction mixture would provide a much more sensitive 
and accurate measure of the amount of analyte in the 
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sample. The invention uses magnetically attractable 
particles to achieve this effect. 

The invention provides a method of performing a 
.turbidimetric assay for an analyte in a sample, which 
analyte is a member of an immuno-reaction system by 
the use of: * 

first magnetically attractable particles which 
carry a first species reactive with a member of the 
immuno-reaction system, but which are not 
agglutinatable by the analyte, and 

second particles which carry a second species 
reactive with a member of the immuno-reaction system 
which method comprises the steps of incubating a 
-mixture of the sample with the first particles, and 
with the second particles, together with any other 
required members of the immuno-reaction system, whereby 
agglutination takes place, to an extent related to the 
concentration of the analyte in the sample, resulting 
in the formation of an agglutinated product containing 
the first particles, 

applying a magnetic field to the mixture to bring 
down the first particles, and " 
measuring the optical density of the mixture 
The nature of the analyte is not critical *~ the 
invention. lt may 5e an antigen or an antibody 

Or it may be a hapten. " Different conditions may need 
to be used, as described below, depending on whether 
the analyte is mono-epi top i c or poly-epi topi c . The 
nature of the sample is similarly not critical, but is 
3q frequently a body fluid such as plasma or serum 

Two different sets of particles are used in the 
method of the invention, with different reagents 
attached to each. The nature of the particles is not 
critical, and commercially available materials may be 
35 USed ' 11 is ^cessary that the first particles be 
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magnetically attractable and the second be not 
magnetically attractable. The particles may be of 
glass or ceramic or metal oxide, or an organic polymer 
e.g. polystyrene, in which case a suspension of the 
particles is generally known as a latex. The second 
particles need to be capable of changing the optical 
density of a fluid medium in which they are present at 
a concentration of, say, 1/500, for which purpose latex 
particles are suitable. The species carried by 

these particles may be attached by chemical or physical 
means well known in the art. 

The first and second particles carry first and 
second species which are different from one another, 
but are both reactive with a member of the immuno- 
reaction system. When the analyte is an antigen or a 
15 hapten, the first and second species may be selected 
from the analyte, an antibody to the analyte, and a 
second antibody to the said antibody. The method 
involves incubating a mixture of the sample with the 
first particles, and with the second particles, 

2 0 

together with any other required members of the immuno- 
reaction system. Depending on circumstances, it may 
be necessary to incubate the sample with the first and 
second particles in sequence, in either order, or with 
both sets of particles together. 
25 There follow descriptions of six different methods 

of performing the mixing and incubating steps of the 
i n ven t ion. 

A. The analyte is an antigen, a poly-epi topi c 
material, of which thyroid stimulating hormone ( TSH ) 
may be taken as an example. The first species on the 
first magnetically attractable particles is a 
monoclonal antibody to the antigen. The second 
species on the second particles is a polyclonal 
antibody to the antigen. The method involves 

35 
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'""bating a fixture of the sample with th. <■ 
Particles in excess, whereby the an .,1. k 
to the antibody on the firs [ * ^ M « >•«..* bound 

A99l U tination takes p,ace at this \ 
Proportional- to the amount of antinl 6Xtent 
,0 Be " u " ° f the order of , " th « .»""•• 

.Mluun.ud particles contain at east PartICl "- 

" r, V"" ,,,t "" "tractable partrcLs " ^ ^ 

B - This system is similar to A ' tk 
<s an antigen. Tne fir „ ' The analyte 

15 - P-ticles carry a monoc,o„ r Zul^^r^' 
The second particles carry „ ot ' , the anti °en. 
*«t another monoclonal antibody ^ * Ci ° nal "tibody, 
carried by the first parti les t o th **" 

™. "-Pie is mixed w 'th ° f "l'"" 9 " 1 - 
particles, both in excess ,„„ " SeCOnd 

20 A 99lutination takes P a ceto ' nCUb " ed - 

». ~ Of ant,gen Pi ;; e t IpT" >?»™"> t0 
sets of particles ear™ sam P'e- Because both 

and second particle w P3rtlCles emprise both f irst 

25 one of the 'urT^ LtT-ZlZT " 

c - This is a ua • ^tractable Particles. 

- before, the ^ y ^/I ^ W ™ B. 
-gnetically at tractabl I at ' ^ ^ the firSt 
antibody to the anti gen rL^^ 1 ^ 3 WOnocl ™'l 

30 carry either a po'*' The Second Particles may . 

- A), or a different : ? tlb ° dy '° the <-« 
■""tiger, (as ,„ bJ """"^l -ntibody to the 

The sample is incubated with an „ 
f >rst particles a, * . , excess of the 

35 ' 33 3 reSuIt of "Mch the antigen 
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becomes bound to the particles. The mixture is spun- 
down, the supernatant discarded and the precipitate re- 
suspended in a smaller volume of liquid. The second 
-particles are then added and the mixture incubated, as 
a result of which agglutination takes place as before. 
This variant involves reducing the volume of the 
reaction mixture between the first and second 
incubations, and is particularly attractive when the 
sample contains only a low concentration of analyte. 
It overcomes the problem that agglutination reactions 
are difficult to perfrom in very dilute solutions. 

D. The analyte here is a hapten, a mono-epitopi c 
species capable of raising antibodies only when bound 
to another material such as bovine serum albumin (BSA), 
for example a thyroid hormone such as T3 or T4 . The 
first magnetically attractable particles carry the 
hapten on their surface. The second particles 
carry antibodies to the hapten on their surface. 

The method involves incubating a mixture of a 
sample containing the hapten with the first and second 
particles. The first and second . particles bind 
together to form agglutinated particles, and this 
binding is inhibited by the hapten. which occupies 
binding sites . on the antibody on the second particles. 
The extent of agglutination is therefore inversely 
proportional to the analyte concentration in the 
s amp 1 e . 

E. This is a variant on D. The analyte is a 
hapten. and the first magnetically attractable particles 
carry the hapten on their surface as before. A first 
antibody to the hapten is used in solution. The 
second particles carry on their surface second 
antibodies (or F(ab) 2 fragments thereof) to the first 
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sample containing the analyte with the first ant ih „„ 
in solution and wi th the' « rst and second l*' 

e ,e, portion of the first antibody becomes bo no to 
the second particles. The hapten in the sampie and 
5 he hapten bound to the first particles compete or 
Ending with the F(ab), sites of the first III,*. / 
Agglutination involving* both sets ^ £ » " ' ° - 
Place to an extent Inversely proportional to the 
concentration of the analyte in tne sample 

'° to the F 'h a ot he 3nalyte 15 ' " aPten - A fir » "tibody 
t the h pten ,s used in solution. The second 

particles carry the hapten on their surface The 

first magnetically attractable particles car'ry a 

.monoclonal second antibody to the first antibody 

to 2V7' a different monoc,onal 

to the first antibody. 

The method involves inrnKs+in. 
cam , es incubating a mixture of the 

ample w,th a., the named reagents. The hapten n 
2o the sampie and the hapten on the second partides 
compete for binding with first antibody. F " 

ant^ody bound to the free hapte, from the sam is . 
av, able for binding by the second antibody, 
ant.body bound to hapten on the second part cies , 
2s reaso of steric inhibition, not able to tate r [{„ 
ggiut.nat.on reactions involving the first pa tic! s 

ITrnlul 0 :' 0 " 31 " C ° nd antibodi " b0 » »«»' " h ' 

rls t no : """""Ion prevents this 

res ult.ng ,n agglutination. The extent of 
agglutination is directly proportional to the 
concentration of hapten i„ the sample 

The result of all these methods is a reaction 
-xture containing agglutinated particles and 

99 ut inated partides in relative proportions which 

35 n th , ^ t0 th «'«"«lyt. concentrations 

■n the sampie. The next step is to app,y a magnetic ,eld 
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to the mixture to remove the magnetically attractable 
first particles from suspension. Since all the 

agglutinated particles contain at least one of 
5 the first particles, the effect of this step is to remove 
from suspension all the agglutinated particles, 
together with any unagglutinated first particles. 
Unagglutinated second particles remain in 
suspension; the concentration of these is related in 

10 some way to the analyte concentration in the sample. 
The optical density of the mixture is then measured and 
the measurement used to detect the presence of, or 
determine the concentration of, the analyte in the 
sample. Equipment for measuring optical density is 

15 commercially available and can be used in conventional 
manner. 

Various configurations are possible for this part 
of the method. For example, the assay may be performed 
in a cuvette with parallel optical glass side walls 

20 through which the optical density measurement is made 
in a horizontal direction. In this case, a magnet can 
be placed below the bottom of the cuvette in order to 
draw down the first particles;or a magnetic stirrer might 
be introduced into the bottom of the cuvette for the 

25 -same purpose. 

In another preferred embodiment, the assay may be 
performed in cups of a microtitre plate. In this case 
the optical density measurement would normally be made 
vertically by an instrument adapted to traverse from 

30 cup to cup of the plate. The magnetic field needs to 
be applied between the cups so as to pull .the 
magnetically attractable first particles to one side of 
each cup . 

Reference is directed to the accompanying drawings 
35 in which: 

Figure 1 is a perspective diagramatic view of 
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the method. e qulpDent at dlfrerenc 
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niicrotitre plate ( in\ < , . ' there i s shown a 
which cental " oln ""« "P.. (18). each of 

'0 contusion of the in " iXtUre " the 

-it* -es <»> - receij^ Vor.^ 

Plate and permanent magnets fpm ° titre 
holes. ' positioned betwee n the 

15 As shown in fi Kure 2 +u 

initially separate r' """.oUtr. plate (, 0 ) is 

.«lutl„.t.d aid u adaPt ° r (,6 >- ■•»- the 

Present in unlform -«cle s are 

(11). Pension in the reaction mixture 

«oretit^'p 1 . n " t h .* t b. P .."r Sh ° Un ^ fiSUre 3 - «« 

-he two secured ^1^7^^° ^ and 

"getner with a clip (22) tk 
has acted on the f - • The magnet 

fixture, and has dra'wTtH PartiCles the reaction 

« -i-e wall of each dr c U 35 5hOVn - tp the 

remain in uniforffl s uspensi J he Panicles 

the reaction mixture L " ° P ^ denSlty of 

the direction s ! ° UP iS being -^sured 

tIOn snown hy the arrow (26) 
Alternatively h = ,,,- 

30 the rirstpa,,^ " et to draw , 

supernatant n ^ ' t ' P "' lble *° tr.n.r.r the 

or optical denLt, L ^ 

*c • W the °Ptical density of th. 

35 is measured only after tn mixture 

Particles have be n / — Really attractable 

be regarded as ^ X ^ ' ^ 

equalabrxun, one. It may alternatively 
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be possible to perform the optical density measurement 
kinetically, by observing, the rate or extent of the 
change of optical density of the mixture when the 
5 magnetic field is applied to it. 

The following examples illustrate the invention. 
Example 1 is included by way of comparison. 
Example 1 

For this experiment there were used serum samples 
10 containing known concentrations of TSH. F(ab) 
antibody fragments were coupled via a chemical spacer 
to 0,2 micron latex. 0.03ml of the sample was mixed 
with 0.03ml of a 0.01% suspension of the latex 
particles in buffer and the mixture incubated, as a 
"•5 result of which agglutination took place to an extent 
determined by the concentration of TSH in the sample. 
The optical densities of various reaction mixtures were 
measured, and were found, to vary by about 10% over the 
usual range of concentrations (up to 50ng/ml ) expected 
20 for TSH. Using these figures it was possible to 
construct a dose -response curve, but one which was 
rather flat and therefore insensitive to differences in 
TSH concentration in unknowns. 

By passing a sample of the reaction mixture through 
25 .a particle counter set to .. count unagglutina ted 
particles, results of greatly improved precision and 
sensitivity were obtained. 
Example 2 

The samples were again of serum containing various 
30 known concentrations of TSH. The first magnetically 
attractable latex particles carried a monoclonal 
antibody to the TSH. The second latex particles 
carried a polycolohal antibody to TSH. 

0.05ml of sample were digested with 0.1ml pepsin in 
35 0.1ml water for H minutes. Then 1ral glycine buffered 
saline (GBS)/BSA 1% was added, together with 0.05ml of 
tris buffer and 0.03ml of a 0.1% suspension of the 
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first latex. The mixture was incubated to cause TSH 
lltex SamPle t0 t0 antib ° dy ° n the magnetic 

5 To 0.08*1 of the resulting mixture was added 0.03*1 

of a 0.065% suspension of the second latex in buffer 
Th.s mixture was incubated for one hour, resulting in 
agglutination of particles to an extent proportional' to 
the TSH concentration in the sample. Then a magnetic 
field was applied to bring down the magnetic latex in 
the mixture. The optical density of the supernatant 
liquid was measured, the results obtained using various 
standards were plotted on a graph to give a dose- 
" response curve of excellent slope for a sensitive and 
accurate assay. 

The experiment was repeated , but using 0.5ml of 
sample in place of 0.05ml. Af ter the first incubation 
-th the magnetic latex; the mixture was spun down and 
the bulk of the supernatant liquid removed. Th i s 
20 resulted in an assay with increased sensitivity. 
Example 3 

As before, serum samples were used containing known 
concentrations of TSH . The assay was performed usin6 
the magnetic latex carrying monoclonal antibody a . in 
25 example 2, and a 0.8 micron latex coated with a second 
-monoclonal antibody to TSH (but from another clone) 
Thas permitted the assay to be performed using a single 
incubation. 6 e 

.0 k r/ hSre W6re miXed t0g6ther: °-°3»l of the sample in 
30 buffer; 0.0 3 ml of a suspension of the magnetic latex 
and 0.03ml of the 0.8 micron second latex. The mixture 
was incubated for one hour, as a result of which 
agglutination took place to an extent proportional to 
the TSH concentration in the sample. A magnetic field 
35 was applied to the mixture for one minute. lal of 
buffer was added and the optical density of the 
supernatant mixture measured. The results obtained 
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enabled an excellent dose-response curve to be 
constructed. 

This experiment also demonstrates that an assay for 
5 TSH can be performed without the need for initial 
pepsin digestion of the sample. 

Reference is directed to figure M of the 
accompanying drawings, which is a graph of optical 
density, expressed in arbitary figures, against TSH 
10 concentration in the sample, measured as ng/ml. The 
graph includes three dose-response curves which were 
obtained as follows: 

Curve A was obtained by a method as described in 
comparative Example 1 above and without use of a 
15 magnetic separation technique. The curve is 

substantially horizontal for much of its length, 
indicating that the assay is insensitive. 

Curve B was obtained by an experiment according to 
Example 2 above. Note that the dose-response curve has 
20 a useful slope at TSH concentrations from 0 up to 100 
ng/ml . 

Curve C was obtained by an assay similar to that 
used for Curve B, but the measurements were made using 
an IMPACT particle counter. Below 5 ng/ml TSH the 

25 slope is rather small;- from 5 to 100 ng/ml the 
sensitivity is comparable to that achieved by Curve B. 

The method of this invention, involving an 
agglutination assay and measurement of optical density, 
has the following advantages: 

30 a) It eliminates the step of sample transfer from one 
tube to another. Sample transfer involves expense and 
time, and can damage agglutinated particles which are 
not robust. Also sample transfer always raises carry- 
over problems from one tube to the next. 

35 b) It is very quick. Measurements can be made rapidly 
and vertically by moving the instrument head from one 
microtitre well to the next. 
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c) It is at least as sensitive as a particle counting 
assay. 

d) It is enormously faster than immuno assays which 
depend on radioactive or fluorescent or luminous 
labels. 

e) It is more sensitive than RIA and comparable in 
this respect to fluorometric or luminescent immuno assays 
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1. A method of performing a turbidimetric assay for an 
analyte in a sample, which analyte is a member of an 
immuno-reaction system, by the use of: 

first magnetically attractable particles, which 
carry a first species reactive with a member of the 
immuno-reaction system, but which are not 
agglutinatable by the analyte, and 

second particles which carry a second species 
reactive with a member of the immuno-reaction system, 

which method comprises the steps of incubating a 
mixture of the sample with the first particles, and 
with the second particles, together with any other 
required members of the immuno-reaction system, whereby 
agglutination takes place, to an extent related to the 
concentration of the analyte in the sample, resulting 
in the formation of agglutinated particles containing 
the first particles, 

applying a magnetic field to the mixture to bring 
down the first particles, and 

measuring the optical density of the mixture. 
2. A method as claimed in Claim 1, wherein the analyte 
is an antigen. 

A method as claimed in Claim 1 
is a hapten. 

. A method as claimed in Claim 2 
is thyroid stimulating hormone. 

5. A method as claimed in Claim 2 

the particles of the first magnetically attractable 
particles carry a monoclonal antibody to the analyte. 

6. A method as claimed in Claim 5, wherein the second 
particles carry a different monoclonal antibody to the 
analyte. 



, wherein the analyte 
, wherein the analyte 
or Claim 4, wherein 
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Is l m T° a " ° lalmed in " aim 6 ' th. sample 

S " 1X : d " lth "»P«"»lon. of the first and second 
Particles and the mixture incubated 

8. * method as claimed i„ Claim 5, wherein the second 
Parades carry a polyclonal antibody to the analyte 
9 A method as claimed in Claim 6 or Claim 8, wherein 
he sam Pl e is first incubated with the first art cl s 
^concentrated, and then incubated with the second"' 



10. A method as claimed in any one of Claims 
wherein the reaction mixture is contained in wells of 
-erotitre plate, with optical density measurement 
being made vertically through succesive wells. 
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